Benign vascular lesions of the breast diagnosed by core needle biopsy do not require excision
Aims: Surgical excision of all benign vascular lesions of the breast identified by core needle biopsy has been recommended in the past to rule out a more serious lesion. In this study we investigated the clinical, radiological and pathological findings in patients diagnosed with a benign vascular lesion at our institution to assess whether excision may be spared for lesions without atypia.
Methods and results:
We searched the electronic medical record for patients with a vascular lesion of the breast diagnosed between 2000 and 2015. The study population consisted of 84 patients, 83 females and one male. The index diagnoses included 76 benign vascular lesions, five vascular lesions with cytological atypia and three angiosarcomas. A radiologist reviewed all pre-and post-biopsy imaging studies; all cases had concordant radiological and pathological findings. Based on radiological and histological correlation, the vascular lesion accounted for the radiological target in 40 (48%) cases and was deemed an incidental finding in 44 (52%). Seven of 32 (22%) targeted and 10 of 44 (23%) incidental benign vascular lesions underwent surgical excision; there were no upgrades at excision. No recurrences or clinical events were observed in patients with a targeted or incidental benign vascular lesion with a median fol
Introduction
Benign vascular lesions (BVLs) of the breast are uncommon and include haemangiomas (perilobular, capillary, cavernous and venous types) and angiomatosis. Perilobular haemangiomas tend to be incidental findings, whereas larger haemangiomas may present mammographically and are sometimes palpable. [1] [2] [3] [4] Other BVLs, such as papillary endothelial hyperplasia and angiolipomas, can also involve the soft tissue or skin of the breast. 5 Primary breast angiosarcomas (AS) tend to be larger than BVLs, measuring at least 2 cm. 2, 6, 7 Because primary AS of the breast may contain well-differentiated foci that can closely mimic a BVL, surgical excision of all benign vascular lesions of the breast identified by core needle biopsy (CNB) has been recommended in the past to rule out a more serious lesion, even in the absence of cytologic atypia. 8, 9 Such practice might be excessive in the current era of highly sophisticated and sensitive breast imaging techniques. We investigated the clinical, radiological and pathological findings in a large cohort of patients diagnosed by CNB with a BVL at our institution, and correlated the findings with those in the surgical excision specimen and with clinical follow-up information, to assess whether excision may be spared for radiological-pathological concordant BVLs without atypia.
Materials and methods
We conducted a computerized search of the Pathology Department database to identify patients who underwent CNB of a breast lesion at our centre between 2000 and 2015 and received a diagnosis of a vascular lesion. As the aim of this study was to examine vascular lesions of the breast parenchyma with radiologicalpathological concordance we excluded patients with vascular lesions primarily involving the skin of the breast. We also excluded patients without follow-up information and cases for which slides were not available for review. Clinical information, including patient sex, age at diagnosis and personal and family history of breast carcinoma, was retrieved from the electronic medical records. This research was approved by the institutional review board/privacy board of Memorial Sloan Kettering Cancer Center (#17-041 on 1/19/ 2017) and conducted according to the principles of the Declaration of Helsinki.
A breast radiologist (L.G.) reviewed all available pre-and post-CNB imaging [mammography, ultrasound and magnetic resonance imaging (MRI)] studies. The study radiologist assessed the size of the lesion, whether the vascular lesion represented the imaging target or was an incidental finding, reason for biopsy [calcifications, mass, non-mass enhancement (NME), asymmetry] and presence of a residual target after CNB. For calcifications and for mammographically evident, sonographically occult masses, patients underwent biopsy with stereotactic guidance with a 9-gauge vacuum-assisted biopsy (VAB). For MRI enhancement, patients underwent biopsy with MRI guidance with a 9-gauge VAB probe. For sonographically evident masses, patients underwent biopsy with ultrasound guidance most commonly with a 12-gauge (range: 14-9-gauge) automated core biopsy with gauge size dependent on the lesion and physician conducting the biopsy. Targeted lesions were defined as lesions for which the histological findings accounted for the imaging characteristics, and were deemed concordant with the lesion seen by the radiologist on pre-biopsy imaging. Incidental lesions were defined as lesions which did not appear to represent the target seen by the radiologist on pre-biopsy imaging, and were detected incidentally in a CNB yielding another lesion concordant with the imaging findings.
All CNB material was submitted in its entirety and processed routinely to obtain at least three 4-micronthick, haematoxylin and eosin-stained (H&E)-level sections from each block. All available (H&E) slides from the CNB and subsequent surgical excision were reviewed by a breast pathology fellow (C.S.), who selected slides representative of the lesion for review together with two breast pathologists (M.M. and E.B.). A soft tissue/sarcoma pathologist (C.R.A.) reviewed selected slides.
Results
The search yielded a total of 91 patients. Seven patients (five with incidental findings and two with targeted BVLs) were lost to clinical follow-up. The study population thus consisted of 84 patients, 83 females and one male, with CNB diagnosis of a breast vascular lesion. The index diagnoses included 76 BVLs, five vascular lesions with cytological atypia (VLAs) and three AS. Mean patient age at diagnosis was 50 years (range: 12-93 years). Based on radiological and histological correlation, the vascular lesion accounted for the radiological target in 40 (48%) cases and was deemed an incidental finding in 44 (52%). The radiological and pathological findings were deemed concordant in all cases. The radiological and pathological features of the lesions are summarized in Table 1 . Ten of 32 targeted BVLs, 23 of 44 incidental BVLs, one of five VLAs and all three AS were found in patients who presented with prior or concurrent breast carcinoma. The remainder of lesions were detected in patients undergoing screening imaging, or as palpable lesions with corresponding imaging studies, who presented to our centre for biopsy. Most patients (59 of 84, 70%) were followed clinically and radiologically, and 25 of 84 patients (30%) underwent surgical excision; in 17 of 25 (68%) patients the excision aimed to remove the radiological target lesion, including all VLAs and AS. There were no diagnostic upgrades at excision. The radiological and pathological features of the excised lesions are in Table 2 .
Benign vascular lesions (BVLS) T A R G E T E D B V L S

Patient characteristics
The patients were all women, with a median age of 53 years (range: 12-92). Three patients had concurrent breast carcinoma in the ipsilateral breast [two invasive ductal carcinoma (IDC) and one microinvasive carcinoma], and one in the contralateral breast [ductal carcinoma in situ (DCIS)]. Six patients had prior breast carcinoma in the contralateral breast [one DCIS, four IDC, one invasive lobular carcinoma (ILC)]; the four patients with IDC underwent breast conserving surgery with breast irradiation.
Imaging characteristics
A total of 32 BVLs were identified as the radiological target on pre-biopsy imaging. The BVLs consisted of 31 haemangiomas (25 capillary haemangiomas and six cavernous haemangiomas) and one case of papillary endothelial hyperplasia. The median size of the targeted BVLs as measured on imaging was 8.4 mm (range: 4.5-23.7 mm). Radiological indications for biopsy included a mammographic and/or ultrasonographic mass (19 cases), mammographic calcifications (one case), mammographic asymmetry (one case) and an MRI lesion (11 cases). Five of the biopsies were performed under stereotactic guidance, 16 under ultrasound and 11 under MRI guidance.
Histological findings at core biopsy
The capillary haemangiomas consisted of slightly dilated, capillary-like vascular spaces lined by bland endothelium ( Figure 1A ). The cavernous haemangiomas consisted of markedly dilated vascular spaces lined by bland endothelial cells and filled with blood ( Figure 1B ). Calcifications were identified microscopically in two of the capillary haemangiomas. The single case of papillary endothelial hyperplasia showed a papillary proliferation of bland endothelial cells which appeared to grow within a dilated blood vessel. 
Histological findings in surgical excision
Seven of the 32 (22%) targeted BVLs were excised. Six lesions were excised due solely to the finding of a vascular lesion on CNB, and only three revealed residual haemangioma (two capillary and one cavernous). The capillary haemangiomas measured 6 and 10 mm in the excision specimens, and the cavernous haemangioma measured 9 mm; all were histologically identical to the vascular lesion seen in the CNB material. Three excision specimens contained no residual vascular lesion. One patient underwent mastectomy for IDC at a separate site from the BVL; the mastectomy revealed no residual vascular lesion at the biopsy site.
Follow-up information
Follow-up imaging was available for 19 BVLs which were not excised. In six cases the lesion was no longer detectable after CNB. In 13 cases the lesion remained stable. The median follow-up time was 39 months (range: 90 days-12.1 years). Twentynine patients were NED (no evidence of disease) and three died of other causes (one from metastatic ILC, one from systemic amyloidosis and one from metastatic malignant epithelioid neoplasm not otherwise specified).
Patient characteristics
The patients were all women with a median age of 47 (range: 27-73). Nine patients had concurrent carcinoma in the ipsilateral breast (three DCIS, five IDC, one ILC) and six in the contralateral breast (two IDC, three ILC, one myoepithelial carcinoma). Two patients had a prior history of breast carcinoma in the ipsilateral breast (both DCIS) and six in the contralateral breast (two DCIS, four IDC). Five patients had a prior history of radiation therapy (all four with prior contralateral IDC and one with prior ipsilateral DCIS).
Imaging characteristics
Radiological indications for biopsy included 17 for calcifications on mammography, three for a mass on mammography and/or ultrasound, two for asymmetry or architectural distortion on mammography, seven for a mass on MRI and 15 for NME on MRI. Twenty-two biopsies were performed under MRI guidance, 17 under stereotactic guidance and five under ultrasound guidance. All 44 lesions were perilobular haemangiomas with no imaging correlate.
Histological findings at core biopsy Histologically, the incidental perilobular haemangiomas consisted of very small dilated vascular channels lined by bland endothelial cells identified around or between breast lobules ( Figure 1C ). The mean microscopic size of the incidental BVLs was 1 mm (range: 0.5-7). As these lesions were deemed incidental, the CNB yielded other lesions that were concordant with the imaging characteristics of the target lesion [21 fibrocystic changes or sclerosing adenosis, two fibroadenomas, one intraductal papilloma (IDP), one mucocele-like lesion, two atypical ductal hyperplasia (ADH), two atypical lobular hyperplasia (ALH), two lobular carcinoma in situ (LCIS) and one IDC].
Histological findings in surgical excision
Ten (23%) incidental BVLs were excised, including seven excised for the presence of a high-risk lesion or carcinoma (one IDP, one mucocele-like lesion, two ADH, two LCIS and one IDC); no residual vascular lesions were identified in the excision specimens. Three lesions were excised due to the finding of a BVL on CNB. Residual haemangioma measuring 1 mm was identified in one excision specimen, which was identical histologically to the BVL on CNB; no residual vascular lesion was present in the remaining two surgical excision specimens.
Follow-up information
The median follow-up time was 40.6 months (range: 4.6 months-10.9 years). Forty-three patients showed NED and one died of other causes (metastatic IDC).
V A S C U L A R L E S I O N S W I T H C Y T O L O G I C A L A T Y P I A ( V L A S )
Patient characteristics A total of five CNB yielded VLAs. The patients comprised four women and one man, with a median age of 56 years (range: 49-66). One patient had been treated with radiation therapy for IDC in the ipsilateral breast. The male patient had a history of prostate carcinoma treated with external beam radiation. Of note, this patient presented with palpable breast nodularity 2 years following the diagnosis of prostate carcinoma and a mass was detected on mammography and ultrasound. The CNB of the breast mass yielded a VLA.
Imaging characteristics
The median size of the lesions as measured on imaging was 11.3 mm (range: 5.7-14.1 mm). Radiological indications for biopsy included four for a mass on mammography and/or ultrasound and one for NME on MRI. Two of the biopsies were performed under stereotactic guidance, two by ultrasound and one by MRI.
Histological findings at core biopsy Histologically, the VLAs consisted of dilated vascular channels lined by endothelial cells with at least focal mild to moderate nuclear atypia (Figure 2A,C) . All showed some degree of hypercellularity. None showed anastomosing channels, blood lakes, necrosis or solid growth. Mitotic activity was minimal or absent in all cases.
Histological findings in surgical excision
All VLAs were excised; on review of the excision specimens, two were classified as haemangiomas and two as angiolipomas. No residual vascular lesion was present in one case. In the excision specimens the haemangiomas were well circumscribed and exhibited dilated vascular channels with mild hypercellularity and mild nuclear atypia ( Figure 2B ). One haemangioma showed microscopic calcifications. The angiolipomas were associated intimately with adipocytes, moderately cellular with mild to moderate nuclear atypia and exhibited focal fibrin thrombi ( Figure 2D ). On re-review of the CNB material, the intravascular thrombi were noted focally in one of the angiolipomas. Other than slight endothelial nuclear atypia, none of the lesions exhibited any feature of angiosarcoma on excision. The VLA which showed no residual vascular lesion on excision was similar in size on imaging and CNB (5.7 and 5 mm, respectively), and was not detectable on post-biopsy imaging; we speculate that it was removed entirely at the time of CNB.
Follow-up information
The median follow-up time was 15.8 months (range: 45 days-6.8 years). All five patients are NED.
A N G I O S A R C O M A S ( A S )
Patient characteristics Three AS of the breast parenchyma were identified. The patients were all women, with a median age of 63 years (range: 52-76). Two patients had prior ipsilateral IDC (15 and 26 years prior) and one patient had prior ipsilateral DCIS (6 years prior). All three patients had a history of radiation to the ipsilateral breast. 
Imaging characteristics
The median size of the lesions as measured on imaging was 38.3 mm (range: 19.8-43 mm). In all three cases the radiological indication for biopsy was a mass seen on mammography and ultrasound, and the biopsies were performed under ultrasound guidance.
Histological findings at core biopsy All three lesions were classified as high-grade AS on review of the CNB. Two of the lesions showed prominent anastomosing vascular channels ( Figure 1D ) and one had predominantly solid growth ( Figure 1E) , with blood lakes ( Figure 1F ) and a paucity of recognizable vascular channels. All three lesions showed high-grade nuclear atypia and increased mitotic activity. Foci of low-grade AS with anastomosing vascular channels were identified at the periphery of one of the lesions. Immunohistochemistry performed on the lesion with predominantly solid growth showed diffuse, strong positivity for CD31 and CD34.
Histological findings in surgical excision
All three patients underwent mastectomy, and all showed residual high-grade AS. The largest lesion measured 4.6 cm in greatest dimension, as measured grossly. In the other two cases the lesions were multifocal, with the largest focus measuring 2.3 and 1.7 cm, respectively.
Follow-up information
The median follow-up time was 29.1 months (range: 14 months-2.5 years). One patient is NED, one is alive with recurrent AS and one died of disease.
Discussion
Vascular lesions of the breast are rare and most are benign. Perilobular haemangiomas are detected incidentally in up to 1.3% of mastectomies performed for carcinoma, and in up to 11% of forensic autopsies. 3, 4 Among vascular lesions, AS of the breast, while comparatively even less common than BVLs, is a highly aggressive malignant neoplasm. 6 To date, there is no documented evidence that haemangiomas with benign histological findings, or even those with cytological atypia, can give rise to AS. 9, 10 The rationale for excision of BVLs diagnosed at CNB is to avoid underdiagnosis of a primary AS, with only a very well-differentiated component sampled on core biopsy. Although possible, the actual occurrence of this phenomenon has not been well documented in the literature, and in one recently reported instance the lesion at CNB probably represented what we would classify as a VLA. 11 Few studies have examined the clinical follow-up of vascular lesions with cytological atypia diagnosed on CNB, and those that have did not show any upgrades on excision or clinical events/recurrences on follow-up. 2, 10, 12 Incidental perilobular haemangiomas are small enough to be occult on imaging. In our experience, most are removed entirely by the CNB. Only one of the perilobular haemangiomas in our series was focally present in the excision specimen. Jozefczyk and Rosen observed no clinical events in 11 patients with perilobular haemangiomas, with a median follow-up time of 4.5 years. In their series, however, all haemangiomas were removed by excision or mastectomy. 2 In our study 10 perilobular haemangiomas were excised with no evidence of upgrade. Thirty-six haemangiomas were not excised and clinical followup for a median of 40.6 months showed no clinical or radiological progression.
Other haemangiomas, such as capillary or cavernous haemangiomas, are clinically palpable or radiologically detectable. Although they usually cannot be removed entirely by CNB, their growth can be monitored reliably with follow-up imaging studies. Haemangiomas are often well-circumscribed lesions on mammography with an oval or lobular shape. 12, 13 While the ultrasonographic features are variable, the size, margins and shape are typically similar to that seen on mammography. 12 Mesurolle et al. analysed 15 radiologically detectable breast haemangiomas retrospectively, three of which underwent subsequent surgical excision. 12 There were no upgrades on excision, and no clinical events on follow-up. Eight patients were followed with mammographic surveillance for a mean of 3.7 years; six of the lesions remained mammographically stable and two showed a decrease in size. The authors suggested that, at least with radiologically detectable lesions, excision may be spared if there is radiological-pathological concordance and a benign diagnosis on core biopsy. 12, 14 Mammographic surveillance was the preferred imaging modality.
Vascular lesions with cytological atypia evident on core biopsy material pose a clinical concern, and in our study all of them underwent surgical excision with no evidence of upgrade. Hoda et al. studied 18 cases of VLA involving breast parenchyma, nine of which underwent subsequent excision. 10 No clinical events were observed in any of the patients, with a mean clinical follow-up of 44 months (range: 1-140). The authors suggested that, although the lesions showed cytological atypia and occasionally infiltrative borders, they followed a benign course. Mantilla et al. studied 27 cases of breast VL and found one 9-mm low-grade AS on excision out of 15 cases which showed worrisome histological features on CNB. 15 In the majority of cases, the imaging size of the vascular lesion appears to be a parameter useful to discriminate benign versus malignant vascular proliferations, with all the benign lesions being less than 2 cm in greatest dimension, whereas most AS are 2 cm or greater. 6, 7 In our series the median size of AS by ultrasound was 3.8 cm, with the smallest spanning nearly 2 cm (1.9 cm). Conversely, all the VLAs were smaller than 2 cm, the largest being 1.4 cm. Yang et al. studied the imaging findings of 24 cases of AS and found a median size of 5.9 cm at time of diagnosis. 16 The majority (19) of these tumours presented as a palpable mass. Three of 16 AS imaged with mammography were mammographically occult, but all three were apparent with ultrasound and MRI examination. The latter two imaging modalities appear to be superior to mammography for diagnosis and surveillance of AS. 16 Two VLAs in our series were reclassified as angiolipomas on surgical excision. Hoda et al. indicate that angiolipoma is to be included in the differential diagnosis of VLAs, as they can be highly cellular, but they are nonetheless benign lesions. 10 Rosen also notes that the periphery of AS may especially resemble an angiolipoma when it involves fat. 9 Both cases in our study were hypercellular on CNB, contributing in part to their initial classification as atypical. The intravascular thrombi which are characteristic of angiolipomas are a very helpful feature in distinguishing them from AS, as these are not found in AS. Fibrin thrombi were identified in either the CNB or excision specimen of both angiolipomas in our series.
During the past 15 years all AS and VLAs, and a minority of BVLs, were excised at our institution. Our study documents that most BVLs diagnosed at CNB in recent years did not undergo excision, with stable follow-up. The decision not to excise BVLs was made based on careful radiological-pathological correlation. To our knowledge, our data set is the largest reported in the literature to date. Potential limitations of this study include its retrospective nature and the relatively low number of BVLs (17 of 83, 20%) with follow-up excision, although our excision rate is comparable to that in Mesurolle's study (20%). While no clinical events were observed on follow-up of VLAs, we recommend that all atypical vascular lesions be excised. Our data suggest that benign vascular lesions diagnosed on core biopsy with concordant radiological and pathological findings (including incidental perilobular haemangiomas) do not warrant surgical excision.
